Background and Purpose-Guidelines advocate screening all acute stroke patients for dysphagia. However, limited data are available regarding how many and which patients are screened and how failing a swallowing screen affects patient outcomes. We sought to evaluate predictors of receiving dysphagia screening after acute ischemic stroke and outcomes after failing a screening test. 
D
ysphagia is a common complication of acute stroke, affecting between 37% to 78% of stroke survivors, depending on the sensitivity of the technique used.
1 Dysphagia may result in catastrophic consequences, such as pneumonia, dehydration, disability, and death. [2] [3] [4] [5] [6] A systematic review of 7 small studies showed that patients with dysphagia after stroke carried 3× higher risk of pneumonia than those without dysphagia. 1 Dysphagia has also been associated with length of hospital stay, institutionalization, and short-term mortality. 4 However, most studies to date have been small, have focused on pneumonia as the only in-hospital outcome, with variable definitions, 1 and have not addressed long-term mortality. Thus, the relationship between failing dysphagia screening after acute stroke and subsequent in-hospital complications, disability, and long-term mortality remains uncertain.
Guidelines recommend early screening of stroke patients before oral intake, 7, 8 and there is some evidence that a screening strategy can prevent pneumonia. [9] [10] [11] [12] However, many patients with acute stroke do not receive dysphagia screening, 13, 14 and the reasons for omission of dysphagia screening are unknown. We hypothesized that patients with less severe stroke would be omitted from screening at a higher rate, yet remain at risk for dysphagia and its complications.
We used data from the Ontario Stroke Registry to determine factors associated with receipt of a dysphagia screening test and to compare outcomes between those who passed and failed dysphagia screening, including multiple in-hospital complications, discharge disability, and mortality at 1 year.
Methods

Data Sources and Patient Sample
The Ontario Stroke Registry includes detailed clinical information on all consecutive patients with acute stroke or transient ischemic attack seen at any of the 11 regional stroke centers in the province of Ontario, Canada. For this study, we included those who were hospitalized with acute ischemic stroke between April 1, 2010, and March 31, 2013. We excluded patients with in-hospital stroke, age <18 years, transient ischemic attack, hemorrhagic stroke, and time from stroke onset to hospital arrival >72 hours.
The registry is housed at the Institute for Clinical Evaluative Sciences where it is linked to population-based administrative databases using unique, encoded identifiers. We use the Ontario Registered Persons Database to identify deaths. We used the Canadian Institute for Health Information Discharge Abstract Database, Same Day Surgery Database, and National Ambulatory Care Reporting System to capture subsequent emergency department visits and hospitalizations. We used the 2010 Canada Census to provide information on median neighborhood income.
Exposures
Dysphagia screening data were extracted from the registry database, in which chart abstractors identified whether the patient had documented dysphagia screening within 72 hours of arrival at the hospital. Patients who had either no neurological deficit or were intubated were deemed ineligible for dysphagia screening and were excluded.
Screening could include informal bedside testing by healthcare providers or formal/standardized dysphagia screening tests (eg, TOR-BSST [Toronto Bedside Swallowing Screening Test]; see Table I in the online-only Data Supplement for dysphagia screening tests used at each site). If dysphagia screening was documented, patients were categorized into those who failed and passed the test. Only results from formal/standardized dysphagia screening tests were included in this pass/fail analysis.
Baseline/Confounding Variables
The registry provided information on patient age, sex, stroke severity based on the Canadian Neurological Scale (CNS) 15, 16 and the National Institutes of Health Stroke Scale, pre-event independence (documented as being fully independent for activities of daily living and instrumental activities of daily living prior to index stroke), comorbid conditions (also summarized using the Charlson comorbidity index), 17 presenting symptoms, treatment with thrombolysis, residence prior to admission, palliative status on admission (documentation of decision to provide only palliative or comfort care rather than active medical management; do not resuscitate orders alone do not suffice), and weekend or evening arrival. Higher scores on the CNS indicate lower severity. Stroke severity was categorized as mild (CNS score >7, equivalent to National Institutes of Health Stroke Scale score ≤8), moderate (CNS score >4 to ≤7, equivalent to National Institutes of Health Stroke Scale score 9-13), or severe (CNS score ≤4, equivalent to National Institutes of Health Stroke Scale score ≥14).
Outcomes
The primary outcomes were (1) in-hospital pneumonia (all-cause), radiographically confirmed within 30 days of hospitalization; (2) severe disability at discharge (modified Rankin Scale score 4-5); and (3) all-cause mortality at 1 year after the index event. Secondary outcomes included (1) aspiration pneumonia within 30 days of the index event; (2) development of decubitus ulcer, gastrointestinal hemorrhage, or myocardial infarction within the first 30 days of hospitalization; (3) placement of a percutaneous feeding tube during the index hospitalization (underwent procedure for insertion of gastrostomy or jejunostomy); and (4) discharge to long-term care. In-hospital outcomes were identified from the registry, while readmissions and emergency department visits for aspiration pneumonia were identified through Canadian Institute for Health Information Discharge Abstract Database using the International Classification of Diseases, version 10 (ICD-10) code J69.0.
Analysis
SAS Enterprise Guide 6.1 was used to conduct all analyses. For the analysis of predictors of dysphagia screening, we excluded all patients who died before 72 hours to eliminate the effect of early death on omission of screening. We then compared baseline characteristics in patients with and without documented screening using χ 2 tests for categorical variables and t tests or Kruskal-Wallis tests for continuous variables.
We used multiple logistic regression to determine variables that were independent predictors of receiving documented dysphagia screening. We included the following preselected predictor variables based on potential clinical relevance to dysphagia screening: age, sex, income (quintile based on median neighborhood income), prior stroke, level of consciousness on arrival (alert, drowsy, unconscious), arrival from long-term care, pre-event independence, arrival by ambulance, dementia, atrial fibrillation, cancer, Charlson comorbidity index score, presentation with weakness, speech deficits, sensory symptoms, or seizure, side of motor signs (right, left, bilateral, or not applicable), stroke severity category (mild, moderate, and severe), thrombolysis, weekend or evening arrival, palliative status on admission, and admission location (intensive care unit, step-down unit, stroke unit, ward).
We calculated the proportion of patients who failed screening, overall and stratified by stroke severity. We used multiple logistic regression to estimate the effect of failing screening on the odds of pneumonia, with adjustment for the following preselected potential confounders: age, sex, stroke severity, pre-event independence, prior stroke, hypertension, coronary artery disease, congestive heart failure, chronic pulmonary obstructive disease or asthma, diabetes mellitus, atrial fibrillation, cancer, renal disease, dementia, current smoking, thrombolysis, Charlson comorbidity index score, level of consciousness, and arrival from long-term care facility. We constructed similar models for the outcomes of severe disability at discharge, aspiration pneumonia, decubitus ulcer, gastrointestinal hemorrhage, myocardial infarction, placement of a percutaneous feeding tube, and discharge to long-term care. We then used Cox proportional hazard models to estimate the effect of failing dysphagia screening on the hazard of death at 30 days and 1 year, with adjustment for the same confounders as in the analysis of pneumonia and other outcomes. For 1-year mortality, we conducted secondary analyses stratified by stroke severity. In a sensitivity analysis, patients who had palliative status or had a percutaneous feeding tube inserted during their admission were removed.
Standard Protocol Approvals, Registrations, and Patient Consents
Data collection for the registry is done without patient consent because the Institute for Clinical Evaluative Sciences is named as a prescribed entity under provincial privacy legislation. The study was approved by the Sunnybrook Health Sciences Center Research Ethics Board.
Results
Screening Frequency
Overall, there were 7171 patients who fulfilled our initial inclusion criteria. Three hundred and eighteen patients were deemed ineligible for testing (no deficit or intubated). A further 176 patients died within 72 hours. Among the remaining 6677 eligible patients, 5397 (80.8%) patients received documented dysphagia screening within 72 hours and 1280 (19.2%) patients did not (see Figure I in the online-only Data Supplement for
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April 2017 flowchart). Nil per os was ordered in 72.8% of patients who did not have documented dysphagia screening. Documented screening was omitted in 9.4% of patients with severe strokes, 9.5% of patients with moderate strokes, and 23.1% of patients with mild strokes. The increase in screening omission rates with decreasing stroke severity is shown in Figure 1A .
Predictors of Dysphagia Screening
Baseline characteristics of patients with documented screening and no documented screening are shown in Table 1 Figure 1B ).
Baseline Factors in Patients Who Failed and Passed Dysphagia Screening
Of the 5144 patients who had a documented dysphagia screening result, 2457 (47.8%) patients failed. Among those with severe strokes, 82.5% of patients failed, compared with 63.2% of those with moderate strokes and 33.2% of those with mild strokes (range of 14.2% at CNS score 11.5 to 55.1% at CNS score 8; see Figure 1A ). Patients who failed screening were older, had a higher rate of multiple comorbidities, including prior stroke and dementia, more often came from a long-term care facility, more often presented with weakness and speech deficits, had a lower level of consciousness, and had a higher stroke severity (P<0.001 for all comparisons; Table II in the online-only Data Supplement).
Outcomes
Compared with those who passed, patients who failed dysphagia screening were more likely to develop pneumonia (13.1% versus 1.9%; aOR, 4.71; 95% CI, 3.43-6.47), severe disability (52.4% versus 18.0%; aOR, 5.19; 95% CI, 4.48-6.02), and be discharged to a long-term care institution (14.0% versus 4.3%; aOR, 2.79; 95% CI, 2.11-3.79; Table 2 and Figure 2A) . Patients who failed were also more likely to develop aspiration pneumonia (8.8% versus 1.0%; aOR, 6.5; 95% CI, 4.2-9.9) and decubitus ulcer (1.9% versus 0.1%; aOR, 12.7; 95% CI, 3.8-42.2) and require placement of a percutaneous feeding tube (9.0% versus 0.1%; aOR, 56.8; 95% CI, 20.9-154.4; Table  2 ). Among patients with mild strokes, failing was more predictive of pneumonia (8.2% versus 1.3%; aOR, 4.94; 95% CI, 3.14-7.89), severe disability (43.2% versus 14.1%; aOR, 4.01; 95% CI, 3.30-4.89; Figure 2B ), and placement of a percutaneous feeding tube (7.3% versus <0.3%; aOR, 88.9; 95% CI, 21.6-366; see Table III in the online-only Data Supplement for mild stroke outcomes) than other major patient factors. Odds ratios for additional outcomes in main and mild subcohorts are shown in Table IV in the online-only Data Supplement.
Adjusted survival curves are shown in Figure 3 and demonstrate substantially higher 1-year all-cause mortality for patients who failed screening, in the whole cohort (36.2% versus 10.2%; adjusted hazard ratio, 2.42; 95% CI, 2.09-2.80) and in the subcohort with mild strokes (23.7% versus 8.5%; adjusted hazard ratio, 2.05; 95% CI, 1.66-2.52). Associations were maintained in the sensitivity analysis removing patients with percutaneous feeding tubes or palliative status (adjusted hazard ratio, 1.66 for whole cohort; 95% CI, 1.39-2.0; adjusted hazard ratio, 1.51 for mild stroke subcohort; 95% CI, 1.18-1.94).
Discussion
We found that one in 5 eligible patients with acute ischemic stroke do not receive documented dysphagia screening and that failing a dysphagia screening test is a strong and independent predictor of pneumonia, disability, and death. Patients with mild strokes often have no documented screening despite the moderate rate of failure and significant risk of complications after failing.
Multiple national and international guidelines 7, 8, 18, 19 recommend early screening of stroke patients before oral administration of food or tablets. An abnormal swallowing 
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test should prompt an evaluation by a speech-language pathologist and other allied health professionals to address therapies for dysphagia, feeding, and nutritional plan. 8 Despite these recommendations, 1 in 5 patients in our cohort did not receive dysphagia screening within 72 hours.
There was an increase in screening omission with decreasing stroke severity, consistent with findings from a previous study using the Get With The Guidelines-Stroke database. 13 We found that over one third of patients with mild strokes failed if tested. In our overall cohort, failing dysphagia screening was associated with a wide range of poor outcomes and conferred a magnitude of risk similar to that seen with severe stroke. In those with mild strokes, failing dysphagia screening was a stronger predictor of pneumonia and severe disability than other major baseline factors. Dysphagia is not included in current stroke prognostication scores [20] [21] [22] [23] ; our findings suggest that doing so could yield a more accurate evaluation of short-and long-term prognosis Figure 2 . Association between failing dysphagia screening and outcomes. Adjusted odds ratios for fail vs pass are displayed in comparison to other major exposures, in predicting pneumonia, severe disability, and discharge to long-term care (LTC), for the entire cohort (A) or the subcohort of patients with mild strokes (B). mRS indicates modified Rankin Scale. and could be useful for risk stratification of patients with minor stroke.
Omission of screening may stem from insufficient training of health personnel in dysphagia screening, hospital resource rationing, or a perception that patients with mild strokes are unlikely to have dysphagia. Universal dysphagia screening is critical to identifying patients at risk and designing an appropriate care plan. Interventions to prevent pneumonia and other complications include dietary modification, early mobilization, maintaining oral hygiene, 24, 25 and other methods, such as swallowing therapy 26 and pharyngeal electric stimulation. 27 Prophylactic antibiotics do not seem to reduce the risk of aspiration pneumonia, 28 emphasizing the importance of multidisciplinary care for dysphagic patients and the need for novel approaches to mitigate the effects of dysphagia.
Our study has some limitations. We were only able to assess whether dysphagia screening was documented within 72 hours of arrival to hospital; clarification on the exact timing of screening may be addressed in future studies. We did not have information on repeat dysphagia screening conducted after the initial screen or videofluoroscopic examination of swallowing, although our goal was to characterize rapid dysphagia screening, which is generalizable to all patients. Our data depend on the accuracy of documentation of screening information and chart review by data abstractors. However, chart validation by duplicate chart abstraction has shown excellent agreement for key variables, and data collection software forces chart abstraction personnel to perform complete data entry, ensuring that there are no missing data. 29 Additionally, the modality of dysphagia screening differed according to site, with TOR-BSST being most common. However, this reflects the reality of multicenter dysphagia studies, and testing protocols contained many common features. Finally, although a relatively high proportion of patients with mild strokes failed dysphagia screening if tested, this likely represents a selection bias in which patients deemed to be at higher risk (ie, dysarthria, complaints of dysphagia) received screening. Therefore, the number of patients who would fail is likely lower in the unscreened population, but it was not possible to similarly assess outcomes as dysphagia status is not known. Despite these limitations, this study characterizes important aspects of poststroke dysphagia in a large cohort, with results that are likely generalizable to other stroke populations.
The results of this study suggest that many eligible patients do not receive documented dysphagia screening after acute ischemic stroke. Failing a dysphagia screening test is a potent predictor of poor outcome, even among patients with mild strokes, who are at particular risk of not being screened. Clinicians and health administrators should be aware of the critical need for dysphagia screening after acute stroke, regardless of stroke severity. Furthermore, those who fail dysphagia screening may benefit from specialized monitoring and care.
